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Abstract 
An Integrated Vacuum Carbonate Absorption Process (IVCAP) for post-combustion carbon dioxide (CO2) capture is described. 
IVCAP employs potassium carbonate (PC) as a solvent, uses waste or low quality steam from the power plant for CO2 stripping, 
and employs a biocatalyst, carbonic anhydrase (CA) enzyme, for promoting the CO2 absorption into PC solution. A series of 
experiments were performed to evaluate the activity of CA enzyme mixed in PC solutions in a stirred tank reactor system under 
various temperatures, CA dosages, CO2 loadings, CO2 partial pressures, and the presence of major flue gas contaminants. It was 
demonstrated that CA enzyme is an effective biocatalyst for CO2 absorption under IVCAP conditions. 
© 2010 Elsevier Ltd. All rights reserved 
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1. Introduction 
Mono-ethanol-amine (MEA)-based absorption processes are effective technologies for post-combustion carbon 
dioxide (CO2) capture from coal combustion flue gases. MEA processes are, however, energy intensive. Singh et al. 
[1] reported that the energy used for the MEA process contributed about half of the total cost. A recent U.S. 
Department of Energy (DOE) study showed that 58% of the electricity loss is due to the steam extraction for the 
CO2 stripping reboiler, 23% is due to CO2 compression, and the remaining is due to other auxiliary energy uses [2]. 
Minimizing the steam extraction and/or lowering the quality of the extracted steam are viable options to reduce the 
energy use in the CO2 absorption process. 
An Integrated Vacuum Carbonate Absorption Process (IVCAP) proposed in this study employs an aqueous 
potassium carbonate (PC) solution for CO2 absorption [3]. The heat of absorption of CO2PC system (262 Btu/lb) is 
much less than that of the CO2MEA system (825 Btu/lb). Such weak affinity of CO2 with PC enables CO2 to be 
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desorbed from the CO2-rich solution at a low temperature (50-70C) and pressure (2-8 psia) in a stripper, which 
enables the IVCAP to use either the waste or a low quality steam from the power plant’s low pressure (LP) turbine 
for providing the stripping heat. The use of low pressure and low temperature steam in the IVCAP will significantly 
lower electricity loss compared to the MEA process. A schematic diagram of the IVCAP is shown in Figure 1. The 
low pressure steam is typically extracted at pressures ranging from 3 to 9 psia, compared to a 60 psia steam required 
in the MEA process. Due to the difference in heat-to-electricity efficiency for the two steams, as shown in Figure 2 
[3], the electricity loss could differ by several times between the IVCAP and MEA process. In addition, a large part 
of the steam is directly introduced into the stripper, which increases heat exchange efficiency between the hot steam 
and the PC solution and reduces the size of reboiler. The vacuum condition in the IVCAP is partially provided by 
condensation of water vapor from the CO2 stream (exiting the stripper) in a separate or the power plant’s condenser, 
and partially by a vacuum pump. Despite the fact that the additional energy is required for the vacuum pump, the use 
of low quality steam from the power plant combined with the low heat of absorption between CO2 and PC could 
result in 20-35% lower overall energy consumption in the IVCAP compared with the MEA-based processes [3].  
 
 
 
 
 
 
 
 
 
 
 
A key technical issue associated with the IVCAP is the absorption kinetics. The absorption rate of CO2 into PC is 
much slower than that into MEA. One option to increase the absorption rate is to mix the prime solvent with another 
solvent or a mixture of solvents with stronger affinity with CO2. This option, however, increases the heat of 
absorption of the mixture [4] and thus increases the energy consumption of the process. Using a catalyst to promote 
the absorption rate does not increase the heat of absorption. A few catalysts such as arsenite, sulfide, hypochlorite, 
and formaldehyde have previously been studied for catalyzing the CO2-water hydration [5-8]. These catalysts can 
accelerate the reaction by 2-5 fold. However, low catalytic activity, especially at low concentrations, together with 
some drawbacks associated with toxicity, instability or corrosiveness, limited their practical applications. The most 
effective CO2 hydration catalyst known by far is the carbonic anhydrase (CA) enzyme. For example, the turnover 
number has been reported to be as high as 1.410
6
 s
-1
 for a human CA [9]. 
This study was aimed at evaluating the effectiveness of the CA enzyme for promoting the CO2 absorption into 
the PC solution. Parametric tests were performed to evaluate the activity of the CA enzyme at various CO2 loadings, 
temperatures, enzyme dosage levels, CO2 pressures, and in the presence of flue gas contaminants. The results were 
compared with the CO2 absorption rates into MEA.  
2. Methodology 
2.1. Materials 
The CA enzyme was provided by a leading enzyme manufacturer as a technical grade for research purpose (not 
for commercial sale). It is an extra-cellular enzyme of microbial origin produced in a non-pathogenic host strain. 
The enzyme was received in the form of concentrated solution (about 3 g CA/l) and contained small amounts of 
impurities such as low molecular weight fermentation residues, processing acids, salts, and other proteins. The 
concentrated CA was mixed with PC to prepare a homogeneous solution with a desired CA dosage level. 
Potassium carbonate (ACS reagent 99.0%, Sigma-Aldrich), potassium bicarbonate (99.5%, Sigma-Aldrich), 
potassium sulfate (99.0%, Sigma-Aldrich), potassium nitrate (99.0%, Sigma-Aldrich), potassium chloride 
(99.0%, Sigma-Aldrich), MEA (99.0%, TCI), and CO2 gas (99.99% purity, S.J Smith) were used in the tests.  
Figure 2. Steam property in power plant turbines. 
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Figure 1. Schematic of IVCAP. 
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2.2. Experimental apparatus and procedure 
A schematic diagram of the experimental setup for measuring the 
CO2 absorption rate into PC promoted with CA enzyme (PC+CA) is 
shown in Figure 3. It consists of a stirred tank reactor (STR), a gas 
supply/control unit, and data acquisition instrumentations. The reactor is 
a Plexiglas vessel of 10.2-cm internal diameter and 17.8-cm height. Four 
symmetrical baffles, each 1.3-cm in width, are attached inside the vessel 
to prevent forming vortex in the liquid phase. A magnetic stirrer 
(Isotemp, Fisher Scientific) with a 5.1-cm Teflon stir bar provides 
mixing at controllable speeds for the liquid phase. A stirrer driven by an 
external motor (Caframo, model BCD2002)  via a magnetic coupling 
provides mixing at 0-3,000 rpm for the gas phase. Heating or cooling of 
the solution is achieved by circulating water through a stainless steel coil 
(0.6-cm inch O.D.) located inside the reactor. The water is circulated 
through a temperature controlled thermostatic water bath (Neslab, model 
RTE-110). The pressure of the gas stream into the reactor is controlled/ 
measured by a pressure transducer (Alicat Scientific, PC-30PSIA-D/5P). The temperature in the reactor is measured 
by a thermocouple (Omega, Type K, model KMQSS-125-G-6). A vacuum pump (Dekker, RVL002H-01) is 
equipped to provide the required initial vacuum level for the system. The pressure and temperature are monitored 
and recorded by a computer through a National Instrument Digital Data Acquisition Systems (NI USB 6009).  
The measurements of the CO2 absorption into the PC+CA solutions were performed in a batch mode with respect 
to both the gas- and the liquid-phase. In a typical experiment, 800 ml solution with the desired composition was fed 
into the reactor. The system was vacuumed to strip off air residue and other gas components and was then allowed 
to stabilize. The equilibrated water vapor pressure (Pw) was recorded. The pure CO2 gas stream was introduced into 
the reactor within a short time (<2 sec) to a predetermined pressure value, and the stirrer in the liquid phase (450 
rpm) and the propeller (300 rpm) in the gas phase were immediately turned on. These stirring speeds were chosen to 
ensure homogeneous mixing in the liquid phase and in the gas phase while a flat gas-liquid interface was 
maintained. The change of the total gas pressure with time was recorded, from which the partial pressure of the CO2 
was obtained by deduction of the Pw term. 
One advantage of using such a STR system for measuring the CO2 absorption rate is that only the pressure 
change profile in the gas phase is used without the need of knowing the liquid phase composition. It should be noted 
that the change in the composition of the liquid phase is negligible during the CO2 absorption process because a 
large volume of the solution is employed. Therefore, the measured absorption rate corresponds to the controlled 
liquid phase condition.   
2.3. Data analysis 
The overall reaction between CO2 and PC solution is:  
33222 2KHCOCOKOHCO    (R1) 
The overall reaction consists of a sequence of elementary steps [10]: 

 3
2
3 HCOHCO   (R2) 

 HOHOH2    (R3) 

 HHCOOHCO 322    (R4) 

 32 HCOOHCO   (R5) 
In the presence of CA enzyme catalyst, the reaction R4 can be expressed by [11]: 
EMHHCOEMOHCO  322   (R6) 
(PrC: Pressure controller; TC: Thermal couple;  
PG: pressure gauge DAQ: Data acquisition) 
Figure 3. Schematic of STR system.  
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 The total reaction rate in the PC solution is the sum of the intrinsic rates of R4, R5, and R6.   
 (1)  
where kH2O, kOH-, and kEM are the rate constants of R4, R5, and R6, respectively; [CO2], [OH-], and [EM] are the 
concentrations of CO2, OH
-
, and enzyme. The rate of R4 is negligible because kH2O is small (0.0375 s-1 at 25oC) [12]. 
The rate constant kOH- of R5 varies between 6,000-25,000 m3kmol-1s-1 depending on the temperature and ionic 
strength [13]. The two reactions that may control the kinetics of CO2 absorption into PC solutions are R5 and R6. 
The activity of the CA enzyme in PC is evaluated by measuring the flux of CO2 absorption into the promoted 
solution. The pressure change profile during a test is used to calculate the instant absorption flux of CO2:  
  (2)  
 
where Ji is the absorption flux of CO2; VG is the volume of the gas phase; A is the gas-liquid interfacial area; R is the 
universal gas constant; T is the temperature; pi is the CO2 partial pressure; and t is time.  
For absorption with simultaneous reactions in the liquid phase, an enhancement factor, E, is multiplied by the 
physical mass transfer coefficient to describe the overall flux:  
  (3) 
where kl is the liquid-phase physical mass transfer coefficient; Hei is the Henry’s constant of CO2; and cib is the CO2 
concentration in the bulk liquid phase. The value of cib can be assumed to be negligible when the amount of liquid is 
much larger than the amount of the CO2 gas to be absorbed.  
By combining Eq.2 and Eq.3 and by integration, we obtain: 
   (4) 
 
where pi,0 is the initial CO2 partial pressure. The value of E can be determined from the slope of the plots according 
to either Eq. 3 or Eq. 4.  
For the CA-promoted CO2 absorption, the overall catalytic enhancement factor, Eov,CA, is defined as the ratio 
between the enhancement factors of the PC solutions with and without the addition of CA enzyme, i.e., 
   (5) 
where ECA and Eo are the enhancement factors of PC+CA and PC solutions with respect to physical absorption. The 
value of Eov,CA expresses how significantly CA enzyme promotes the reaction compared to the reference case.  
3.  Results and Discussion 
3.1. Activity of free CA enzyme 
A 20 wt% PC solution of carbonate/bicarbonate (concentration equivalent to K2CO3) was employed in all the 
tests. The CO2 loading is indicated from the carbonate to bicarbonate (CTB) conversion rate in the PC solution. 
Figure 4(a) shows the fluxes of CO2 into the PC with 20% CTB conversion (PC20) promoted by the CA of various 
dosage levels (0, 30, 300, 600 mg/l) at different temperatures (25, 40, and 50
o
C). As expected, for the PC solution 
without the addition of CA, the CO2 absorption rate increased with increasing reaction temperature. However, when 
a sufficient amount of CA was added, the CO2 absorption rate was less sensitive to temperature change. For 
example, at the CA dosage of 300 mg/l, the CO2 absorption fluxes at 25
o
C and 40
o
C were comparable and were 
slightly higher than that at 50
o
C. At the CA dosage of 600 mg/l, the highest CO2 absorption flux was observed at 
25
o
C, which is slightly higher than that at 40
o
C. This observation can be explained by considering two factors that 
were affected by the temperature: CO2 solubility (Henry’s constant) and reaction kinetics. The CO2 solubility 
decreases while the reaction kinetics increases with increasing temperature. A catalyst reduces the activation energy 
of the CO2 hydration (R6), and as a result the kinetics of R6 is not very sensitive to the change in temperature.  At 
the CA dosage of 300 mg/l, when the temperature was raised from 25
o
C to 50
o
C, the effect of the reduced solubility 
is larger than that of the increased kinetics, resulting in a decrease in CO2 fluxes. At 40
o
C these two effects offset 
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TRA
VJ iGi 	










	
b
i
i
i
li cHe
pkEJ
t
HeV
RTAkE
p
p
Ln
iG
l
i
i
	









 0,
0, / EEE CACAov 	
  ][][][/][ 22 2 COEMkOHkkdtCOdr EMOHOH 		

Y. Lu et al. / Energy Procedia 4 (2011) 1286–1293 1289
 Y. Lu et al./ Energy Procedia 00 (2010) 000–000 5 
each other and thus CO2 fluxes were comparable with those at 25
o
C. When the CA dosage was increased to 600 
mg/L, the dependence of the reaction kinetics on the temperature became more insignificant due to the further 
decrease in the activation energy. Consequently, the effect of the reduced solubility was more significant as the 
temperature was increased from 25
o
C to 40
o
C, which resulted in higher CO2 absorption fluxes at 25
o
C.   
 
 
 
 
 
 
 
 
 
 
Figure 4. CO2 absorption into PC at various conditions.  
(a) Effect of temperature and CA dosage level in PC20 solution; (b) Effect of CO2 loading at 50
oC. 
 
It can also be found that the CO2 absorption rate significantly increased when the CA enzyme dosage was 
increased up to 600 mg/l. Further improvement may be anticipated at higher CA dosage levels. To reveal the effect 
of CO2 loading on CA activity, the CO2 fluxes into the PC20 and the PC with 40% CBT conversion (PC40) without 
and with 30 and 300 mg/l CA at 50 
o
C were compared, Figure 4(b). It can be noted that without adding the CA 
enzyme, the PC20 allowed higher CO2 fluxes than PC40. When a small amount of CA enzyme (30 mg/l) was added 
into the PC20 and PC40, the trend was the same; however, when the CA dosage was increased up to 300 mg/L, no 
significant difference was observed between the CO2 fluxes into the PC solutions with different CTB conversions. 
This indicates that the CA activity does not depend significantly on the CO2 loading of the PC when the CA dosage 
is sufficiently high. Such an observation can be well explained by the reaction kinetics described by R6. When no or 
only a small amount of CA enzyme was applied, R5, whose rate is a function of [OH
-
], could be dominant in the 
overall CO2 absorption. PC with a smaller CBT conversion corresponds to a higher [OH
-
], which results in a higher 
CO2 absorption rate. At a higher CA dosage level, the contribution of the catalyzed hydration reaction (R6) becomes 
dominant. R6 does not rely on the [OH
-
], thus leading to the comparable CO2 fluxes into the PC with different CBT 
conversions. These results indicate that the rate of CO2 absorption into PC+CA does not significantly change along 
an absorption column even when the CO2 loading of the solvent becomes higher.  
 The overall enhancement factors, Eov,CA of the CA evaluated under various conditions are shown in Figure 5. It 
can be seen that Eov,CA decreased with the increase in temperature. For 
example, in the PC20 mixed with 300 mg/l CA, Eov,CA decreased from 
about 8.8 at 25
o
C to 5.2 at 40
o
C and 3.4 at 50
o
C. At a constant 
temperature, Eov,CA increased as expected but not proportionally with 
increasing CA dosage within the investigated range. For instance, 
increasing the CA dosage from 300 to 600 mg/l in the PC20 at 25
o
C 
raised Eov,CA from 8.8 to 12.8. Eov,CA also depends on the CO2 loading of 
the PC. Higher Eov,CA values were obtained for the PC solutions with 
higher CBT conversions because the CA promoted the CO2 absorption to 
a level comparable to those of the solutions with lower CBT conversions 
despite the fact that without the addition of CA enzyme the PC with 
higher CBT conversion allowed a lower CO2 absorption rate.   
3.2. Resistance of free CA enzyme to flue gas contaminants 
Chemical contaminants such as SO2, NOx, HCl, etc, exist in coal combustion flue gases. These gaseous 
components may affect the CA enzyme when they enter into the absorption solutions. The concentration of the 
major anions in the wastewater from a wet flue gas desulfurization (FGD) unit ranges between 0.03 and 0.05 M for 
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SO4
2-
, 0.005 and 0.02 M for NO3
-
, and 0.3 and 0.7 M for Cl
-
 [14]. The CA enzyme could form inactive complexes 
with some anions by binding them at a site linked to the ionizing group. The dissociation of H
+
 from the ionizing 
group could reduce but might not abolish the binding of anions [15].  
Various impurity concentrations between 0.1 and 0.9 M for SO4
2-
, 0.05 and 0.2 M for NO3
-
, and 0.3 and 0.7 M 
for Cl
-
, either alone or a mixture of them, were examined in the PC20 solution containing 300 mg/l CA enzyme at 
50C. The selected contaminant concentrations were 30 times, 40 times, and 1 time higher than those present in a 
typical wastewater from a high-sulfur, high-chlorine coal wet Flue Gas Desulfurization (FGD), respectively. The 
employment of such a high concentration of SO4
2-
 is based on the consideration that in the IVCAP the SO2 removal 
may be combined with the CO2 capture without the need of a separate wet FGD unit. In the tests, potassium salts 
containing the corresponding anions were used to control the contaminant concentrations such that no new cations 
were introduced into the solution.  
  
Figure 6. Effects of selected chemical contaminants on CA enzyme activity. (a) 0.1, 0.4 and 0.9 M SO4
2-; (b) 0.3 and 0.7 M 
Cl-;  (c) 0.05 and 0.2 M NO3
-; (d) combined impurities of 0.4 M SO4
2-, 0.3 M Cl- and 0.05 M NO3
-. 
Table 1. Effect of the selected impurities on the Eov,cat of the CA enzyme 
 
Reference 
PC+CA 
(no impurity) 
K2SO4 KCl KNO3 Combined impurities 
(0.4M K2SO4, 0.3M KCl, 
0.05M KNO3) 
0.1M 0.4M 0.9M 0.3M 0.7M 0.05M 0.2M 
Eov,CA 3.36 3.24 3.19 3.14 3.26 3.13 3.21 3.25 3.19 
Activity loss (%) N/A 5.31 7.52 9.73 4.42 10.18 6.64 4.87 7.52 
 
The CO2 fluxes promoted by the CA into the PC solutions without and with the presence of the impurities at 
various concentrations are shown in Figure 6. The presence of SO4
2-
, Cl
-
, and NO3
-
 anions did not significantly 
reduce the CO2 absorption rates at the tested concentrations. The combined effect of 0.4 M SO4
2-
, 0.3 M Cl
-
 and 0.05 
M NO3
- 
was not the sum of the individual effects; rather it was comparable to that caused by a single impurity. The 
effects of the tested impurities on the overall enhancement factor of the CA enzyme are listed in Table 1. It was 
observed that the presence of SO4
2
, Cl
-
, and NO3
-
 up to the concentration of 0.9 M, 0.7 M and 0.2 M, respectively, 
either individually or combined together in the PC20, only resulted in less than 10.2% loss of the CA activity. 
3.3. Comparison of CO2 absorption rates into PC+CA and MEA 
The rates of CO2 absorption into 3 M MEA with 40% conversion (MEA40) at 25
o
C and 50
o
C were measured 
using the STR system. A comparison between the CO2 absorption rates into the MEA40 and the PC40 mixed with 
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300 mg/l CA (PC40+CA*) is displayed in Figure 7. The CO2 absorption rates into the PC40+CA* solutions are 5-9 
times and 3-5 times lower than those into the MEA40 at 50C and 25C, respectively. It is expected that the 
difference would be less significant at higher CO2 loading levels (>40% conversion). 
 
Table 2. Modeling of absorption of 10 vol% CO2 in flue gas  
  STR Packed-bed column 
50C 
Rate ratio 
to water 
Total 
resist. 
1/KG (s/m) 
Gas 
phase 
resist. (%) 
liquid  
phase resist. 
(%) 
Rate ratio 
to water 
MEA40 52.26 260 40.84 59.16 29.06 
PC40+CA* 7.84 1100 9.69 90.31 6.87 
PC40 1.92 4174 2.55 97.45 1.81 
25C      
MEA40 35.63 281 38.04 61.96 15.68 
PC40+CA* 10.50 680 15.80 84.20 6.49 
PC40 1.69 3672 2.93 97.07 1.20 
   
The STR experiments were performed under conditions such that the absorption rate of CO2 into the solvent was 
not limited by the gas-phase mass transfer resistance. However, in a packed-bed absorption column, the gas-phase 
mass transfer resistance could become important. Consequently, the difference between the overall CO2 absorption 
rates into the MEA and PC+CA solutions in a packed bed are expected to be less compared to the STR system.  
The CO2 absorption rate based on the overall gas-phase mass transfer coefficient can be described as follows, 
assuming the CO2 concentration in the bulk liquid phase is negligible:  
(6) 
  (7) 
where KG is the overall gas-side mass transfer coefficient; kg is the gas-phase mass transfer coefficients; H is the 
dimensionless Henry’s constant (liquid phase/gas phase concentration). 1/kg and 1/HEkl represent the gas- and the 
liquid-phase mass transfer resistances.  
In the STR test, 1/kg was negligible because pure CO2 gas and vacuum conditions were employed. The 
coefficient kl in the STR was measured to be 4.5310-5 m/s at 25C for water. This value was adjusted to be applied 
to different solvents at different temperatures by considering the related physical property changes [16]. The values 
of HE at various conditions were estimated from the measurements of the rates into the PC and MEA solutions 
according to Eq.4 (by noting H  1/Hei).  
In calculating the rates in the packed-bed absorption column, ceramic Raschig ring with a diameter of 50 mm was 
considered as packing materials. The estimations of kl and kg were referred to the Billet & Schultes method [17] and 
the method by Bravo et al [18], respectively. The superficial gas and liquid velocities were assumed to be 1.0 m/s 
and 0.007 m/s to ensure that the operating condition selected was below the loading point of the absorption column. 
As an approximate calculation, the values of HE in the packed bed were assumed to be the same as those obtained 
from the STR measurements for the same solvents at the same temperatures. The physical properties (Henry’s 
constant, viscosity, diffusivity, etc) of PC40, MEA40 and water at 25 and 50°C were referred to those used in [16].  
The estimated mass transfer resistances for the CO2 absorption into the MEA40, PC40+CA* and PC40 at 1.47 
psia CO2 partial pressure (equivalent to 10 vol% CO2 in the flue gas) in the packed-bed column are listed in Table 2. 
For the PC40+CA* at 50C, the liquid-phase mass transfer (including the reactions) contributes 90% of the total 
absorption resistance, indicating that the liquid-phase resistance is a limiting factor in the overall absorption rate. 
Therefore, the overall rate of CO2 absorption into PC+CA would be effectively improved by increasing the CA 
dosage (>300 mg/l). For the MEA40 at 50C, the gas- (41%) and the liquid-phase (59%) resistances are comparable 
to each other, indicating that the reduction of either the gas- or the liquid-phase resistance could improve the 
absorption rate into the MEA. Because the gas-phase mass transfer resistance is more significant for the MEA than 
PC+CA in the packed-bed column, the absorption rate into the PC40+CA* is 4.2 times lower than the MEA40 in the 
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Figure 7. CO2 absorption rates into PC+CA and MEA. 
0.0E+00
2.0E-03
4.0E-03
6.0E-03
8.0E-03
1.0E-02
1.2E-02
1.4E-02
1.6E-02
0 1 2 3
CO2 partial pressure (psia)
C
O
2
 f
lu
x
 (
m
o
l/
m
2
.s
) 
 .
MEA40, 50°C
PC40+CA*, 50°C
MEA40, 25°C
PC40+CA*, 25°C
1292 Y. Lu et al. / Energy Procedia 4 (2011) 1286–1293
8 Y. Lu et al./ Energy Procedia 00 (2010) 000–000 
packed-bed column compared to 6.7 times in the STR. The trend is similar at 25C (2.4 times in the packed bed vs. 
3.4 times in the STR).  
The above comparison is based on the MEA and PC solutions with 40% conversion. As discussed earlier, the 
rates of CO2 into the CA-promoted PC solutions with different CTB conversions are comparable. However, the rates 
between the MEA solutions with different conversions differ significantly according to the reported kinetics [19]. 
Therefore, at higher CO2 loading levels, the rate difference between the MEA and PC+CA will become smaller. 
This is beneficial for the IVCAP because the height of a packed-bed column is mostly affected by the zone with the 
slowest absorption rates. 
4. Conclusions  
As part of a process development study, the CA enzyme was evaluated for its activity to promote the rate of CO2 
absorption into PC solutions in a STR system. At a 300 mg/l CA dosage level, the absorption rate into the PC was 
promoted by 8.8-11.3 times at 25°C, 5.2-6.4 times at 40°C, and 3.4-4.0 times at 50°C compared to the baseline PC. 
Increasing the CA dosage from 300 mg/l to 600 mg/l enhanced the absorption rate. Two parallel reactions, CO2 
hydration and neutralization with OH
-
, occur during the CO2 absorption into the PC solution. The relative 
importance of these two reactions depended on both the temperature and CA dosage. At CA dosage levels of 300 
mg/l and 600 mg/l, the absorption rates were comparable at temperatures between 25
o
C and 40
o
C but slightly 
decreased as the temperature approached 50
o
C. The PC+CA solutions exhibited comparable absorption rates at 
different CO2 loading levels. The presence of SO4
2-
, NO3, and Cl
-
 impurities at up to 0.9 M, 0.2 M, and 0.7 M 
concentrations, respectively, either alone or combined , in the PC solution only resulted in <10.2% loss of the initial 
CA activity. The STR experiments revealed that the CO2 absorption rate into the PC with 40% CTB conversion 
mixed with 300 mg/l CA is several times lower than those into the 3M MEA at 50C and 25C. The modeling 
predictions revealed that in a packed-bed absorption column, the contributions from gas- and liquid-phase 
resistances are comparable for the MEA solution, while the liquid-phase resistance dominates the PC+CA solution. 
The differences between the CO2 absorption rates into MEA and PC+CA in a packed bed column are less than those 
measured in the STR especially when the CO2 loading of the solutions is high.  
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